Any exercise is better than none. However, quality, quantity and frequency of structured exercise are known to have an effect on exercise outcomes 1, 2 . With the arrival of circadian science, which suggests that every aspect of physiology shows daily rhythms, the timing of exercise is emerging as a factor that could modulate the outcomes of exercise. Whether it is to maximize athletes' performances or to mitigate cardiometabolic disease, defining the best time of the day to exercise holds great translational potential.
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Exercise has several benefits, including improving glucose tolerance and insulin sensitivity and maintaining whole-body circadian rhythms. Many aspects of exercise show time-dependent effects; for example, at low or moderate intensity, exercise performance in humans is higher in late afternoon than in early morning, while intense exercise does not show any time-dependent effects 1 . Exercise performance results from several factors, some of which might be intrinsic to skeletal muscle, while several factors are extrinsic, such as heart rate and body temperature. Therefore, factors contributing to time-dependent effects of exercise probably originate from different tissues. However, circadian clocks are cell autonomous, and the clock components primarily regulate tissue function through modulation of expression of hundreds or thousands of genes in different organs. This characteristic has inspired circadian transcriptome studies to assess the baseline rhythm in gene expression and related circadian rhythms in cellular functions. Two proliferator-activator receptor (PPAR), AMPK and hypoxia-inducible factor (HIF) 4 . Similarly, pathways that modulate fuel source metabolism, FoxO, insulin signalling and lipid metabolism rapidly responded to moderate exercise 4 . However, a deeper examination of metabolites and gene expression revealed time-dependent differences in the molecular effect of exercise. Exercise in early evening resulted in incomplete β-oxidation and mitochondria stress. Conversely, activity late at night led to increased levels of phosphorylated AMPK, which activates catabolic pathways and β-oxidation to boost ATP production. This effect is probably mediated through increased levels of 5-aminoimidazole-4-carboxamide ribonucleotide (ZMP), a metabolite from purine histidine biosynthesis and an allosteric activator of AMPK 5 . Although the basal ZMP level does not change between early and late time-active phases, exercise elevates ZMP level >60% more in the late exercise group than in the early exercise group. Exogenous application of the corresponding ribonucleo side analogue (AICAR) improves exercise performance 6 . These molecular changes probably contribute to time-dependent changes in exercise performance.
A complementary study suggested similar changes in gene expression and metabolites in exercising mice 3 . This study compared mice exercising at times when they would naturally sleep, in early morning, or when they would be active, in early evening. In addition to the acute response to exercise, they also monitored metabolites and gene expression changes for up to 24 h after exercise and wholebody energy expenditure for >2 days after exercise. As expected, exercise in the early evening led to increased activation of HIF1α and utilization of glycolysis and lipid oxidation as a fuel source. Even an hour of exercise improved the amplitude of circadian expression of many genes. Therefore, moder ate exercise could be a method to sustain a robust circadian rhythm.
Several metabolic changes in response to exercise also modulate the expression or protein levels of circadian clock components 3, 4 and hence exercise should act as a time-cue (Zeitgeber) to reset the phase of the circadian clock in sedentary mice. Light is the best known Zeitgeber. One hour of light pulses at night affects the hypothalamic recent studies have gone further in examining both the baseline difference in skeletal muscle at different times and the effect of exercise on muscle gene expression and the metabolome 3, 4 . The results indicate that exercise at different times has distinct implications; some might even last beyond 24 h.
When young untrained nocturnal mice were exercised on treadmills at low (45% aerobic capacity) or moderate (55%) levels, the mice completed longer durations when late in their active phase (2 h before morning) than when early in their active phase (2 h after evening). When mice exercised at high intensities (100% capacity), no difference in exercise performance between early evening or late night was observed 4 . This finding is a mirror image of what is found in humans (described in the previous paragraph) 1 . Interestingly, the difference in exercise capacity is dependent on their circadian clock, as the mice that lack Per1 and Per2 (essential components of circadian clocks) do not show time-of-day differences in physical performance in a moderate-intensity exercise protocol. Gene expression and metabolomics analyses of sedentary mice at these two time points confirmed the presence of daily rhythms in pathways known to contribute to exercise performance, including peroxisome clock and can delay or advance the phase of the activity-rest cycle in a time-dependent manner 7 . Accordingly, an hour of exercise should affect the muscle circadian clock in a time-dependent manner. Skeletal muscle, being the largest metabolic organ, makes an important contribution to daily rhythms in energy expenditure and related rhythms in respiratory exchange ratio (RER). Exercise in early evening or early morning had opposite effects on these rhythms in the subsequent days. Exercise in the morning led to a slight decrease in RER, while evening exercise led to a slight increase in RER during the following daytime. Opposite changes to RER were found in the subsequent nights. Surprisingly, early morning exercise led to a net increase in energy expenditure in the ensuing days.
Human volunteers doing moderate exercise (50% maximum power output) in the morning versus evening also showed differences in exercise capacity and metabolic parameters 4 ; however, the differences are much smaller in magnitude than those found in rodents. Exercise reduces blood levels of glucose; however, evening exercise lowered blood levels of glucose to slightly lower levels than morning exercise. This paradigm might contribute to understanding why evening exercise is more effective in reducing blood levels of glucose in patients with type 2 diabetes mellitus 8 . 
